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method of cooking apparatus

(57) Disclosed are a sensor, a cooking apparatus
having the sensor, and a control method of the cooking
apparatus. The sensor serves to accurately sense a pol-
lution level of the cooking apparatus and to inform of a
cleaning time and/or cleaning method based on the pol-
lution level. The pollution level of a cooking compartment
may be objectively determined using the sensor that
senses the pollution level via a variation of capacitance.
Also, it may be possible to guide a cleaning time and/or

Pollution sensor, cooking apparatus having sensor for detecting pollution, and control

cleaning method (e.g., manual cleaning, steam cleaning,
thermal decomposition cleaning, etc.) based on the pol-
lution level of the cooking compartment, allowing the
cooking compartmentto be cleaned in the cleaning meth-
od at an appropriate cleaning time. In particular, during
a thermal decomposition cleaning operation, the pollu-
tion level is sensed in real time to enable variable control
the cleaning time and automatic control of a cleaning
ending time. This may contribute to reduce energy con-
sumption and discharge of CO2.
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Description
BACKGROUND
1. Field

[0001] Embodiments of the present invention relate to
a sensor for detecting pollution, a cooking apparatus hav-
ing the sensor, and a control method of the cooking ap-
paratus, the sensor serving to accurately sense a pollu-
tion level of the cooking apparatus, and informing of a
cleaning time and/or cleaning method based on the
sensed pollution level.

2. Description of the Related Art

[0002] Generally, cooking apparatuses include a mi-
crowave oven using high-frequency microwaves, and an
electric or gas oven using a heater. These cooking ap-
paratuses internally define a cavity having a predeter-
mined space (hereinafter, referred to as a cooking com-
partment) to cook food in a closed state thereof, so that
food placed in the cooking compartment is cooked by
heat applied thereto.

[0003] Inthese cooking apparatuses, however, scraps
of food may be scattered and adhered to an inner wall
surface of the cooking compartment during a cooking
operation. As the scraps of food dry and are tightly ad-
hered to the inner wall surface after the cooking opera-
tion, it may be difficult for a user to remove the scraps of
food when the user cleans the interior of the cooking com-
partment.

[0004] To remove the scraps of food that are difficult
to clean, a thermal decomposition cleaning method has
been conventionally proposed, in which high tempera-
tures are generated in the cooking compartment to heat
the interior of the cooking compartment to a high tem-
perature (about 500°C), so as to burn the scraps of food
present in the cooking compartment. The thermal de-
composition cleaning method is initiated as the user di-
rectly selects the thermal decomposition cleaning meth-
od after visually confirming a polluted state of the interior
of the cooking compartment. In the thermal decomposi-
tion cleaning method, the high temperatures are gener-
ated in the cooking compartment for a preset cleaning
time (a maximum of four hours).

[0005] However, when the cooking compartment un-
dergoes the thermal decomposition cleaning method, it
may be hard to accurately determine a cleaning time be-
cause the user confirms the polluted state of the cooking
compartment with the naked eye. Thus, the user may
make only a subjective selection of an appropriate clean-
ing time within a preset range. Furthermore, despite the
fact that the cooking compartment may be sufficiently
cleaned using only water or detergents based on a pol-
lution level, there is no standard of judgment to allow the
user to judge the water cleaning operation. This may
cause the user to carelessly select the thermal decom-
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position cleaning function, resulting in unnecessary
waste of energy and time and increasing discharge of
CO.,.

SUMMARY

[0006] Therefore, it is an aspect of the present inven-
tion to provide a sensor to sense an interior pollution level
of a cooking compartment, a cooking apparatus to dis-
play the pollution level sensed by the sensor and guide
a cleaning time and cleaning method based on the pol-
lution level, restraining unnecessary excessive cleaning
and allowing a specialized cleaning operation to be im-
plemented at an appropriate time, and a control method
of the cooking apparatus.

[0007] Additional aspects of the invention will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned
by practice of the invention.

[0008] In accordance with one aspect of the present
invention, a sensor includes an electrode unit installed
to a cooking apparatus that is used to cook food, and a
sensor unit connected to the electrode unit and serving
to generate a sensed signal based on a variation of pol-
lution level, the electrode unitincluding at least one elec-
trode to sense a pollution level of the cooking apparatus.
[0009] The electrode may detect a variation of capac-
itance as it comes into contact with pollutants generated
during cooking of the food, to sense the level of pollutants.
[0010] The sensor may further include a ground unit
corresponding to the electrode, the ground unit being
grounded to an inner metal part of the cooking apparatus
to output a sensor output value of frequency based on
the variation of capacitance.

[0011] Aninsulator may be provided between the elec-
trode unit and the ground unit, to isolate two electrodes
from each other.

[0012] In accordance with another aspect of the
present invention, a cooking apparatus includes a cook-
ing compartment in which food is cooked, a sensor in-
stalled in the cooking compartment to sense a pollution
level of the cooking compartment, and a controller to con-
trol a cleaning operation of the cooking compartment
based on an output value of the pollution sensor, the
pollution sensor including at least one electrode to detect
a variation of capacitance based on a variation of pollu-
tion level.

[0013] The sensor may include a ground correspond-
ing to the electrode, the ground being grounded to a wall
surface metal part of the cooking compartment so as to
output a sensor output value of frequency based on the
variation of capacitance.

[0014] The controller may determine the pollution level
of the cooking compartment based on the output value
of the pollution sensor, to control a cleaning time and/or
cleaning method.

[0015] The controller may create and/or store a table
in which cleaning times and/or cleaning methods based
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on pollution levels of the cooking compartment are re-
corded.

[0016] The cleaning methods may include an automat-
ic cleaning method and/or a manual cleaning method
based on the pollution level of the cooking compartment,
the manual cleaning method may include a manual
cleaning operation using water or detergents, and the
automatic cleaning method may include a steam cleaning
operation and/or a thermal decomposition cleaning op-
eration or a combination therof.

[0017] The controller may sense a decrease in the pol-
lution level of the cooking compartment in real time during
the thermal decomposition cleaning operation, to control
a cleaning ending time.

[0018] The sensor may sense the presence of an ac-
cessory in the cooking compartment during the thermal
decomposition cleaning operation, and if the accessory
is sensed, the controller may guide a removal message
of the accessory.

[0019] The cooking apparatus may further include a
display unit to display the pollution level sensed via the
sensor and to guide a cleaning time and/or cleaning
method based on the pollution level. The cooking appa-
ratus may further include an input unit to automatically
set the cleaning time within a preset arbitrary setting val-
ue range, and if the cleaning time is automatically set,
the controller may perform a control operation to deter-
mine whether a power of the cooking apparatus is turned
off, or whether a button of the input unit is operated, or
to determine the pollution level of the cooking compart-
ment at a cooking ending time.

[0020] The cooking apparatus may further include an
input unit to allow a user to manually set the cleaning
time, and if the cleaning time is manually set, the con-
troller may perform a control operation to determine the
pollution level of the cooking compartment at a cleaning
ending time set by the user.

[0021] In accordance with a further aspect of the
present invention, a control method of a cooking appa-
ratus having a cooking compartment and a sensor, in-
cludes sensing a pollution level of the cooking compart-
ment via the pollution sensor, determining a cleaning time
and/or cleaning method of the cooking compartment
based on the sensed pollution level, and manually input-
ting a cleaning command of the cooking compartment
based on the determined cleaning time and/or cleaning
method.

[0022] The sensing of the pollution level of the cooking
compartment may be performed as the sensor having at
least one electrode comes into contact with pollutants
generated during cooking so as to detect a variation of
capacitance.

[0023] The sensing of the pollution level of the cooking
compartment may be performed as a ground correspond-
ing to the electrode is grounded to an inner metal part of
the cooking apparatus to output a sensor output value of
frequency based on the variation of capacitance.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in con-
junction with the accompanying drawings of which:

FIG. 1 is a conceptual view illustrating basic charac-
teristics of a sensor according to an embodiment of
the present invention;

FIG. 2 is a circuit diagram of the pollution sensor
according to the embodiment of the present inven-
tion;

FIG. 3 is a front view of a cooking apparatus having
the sensor according to the embodiment of the
present invention;

FIG. 4 is aview llustrating a configuration of coupling
the sensor according to the embodiment of the
present invention to the cooking apparatus;

FIG. 5 is a view illustrating an alternative coupling
configuration of FIG. 4;

FIG. 6 is a longitudinal sectional view of FIGS. 4 and
5, illustrating a square electrode unit;

FIG. 7 is a longitudinal sectional view of FIGS. 4 and
5, illustrating a circular electrode unit;

FIG. 8is aviewillustrating a configuration of coupling
the sensor according to another embodiment of the
present invention to the cooking apparatus;

FIG. 9 is a view illustrating an alternative coupling
configuration of FIG. 8;

FIG. 10 is a longitudinal sectional view of FIGS. 8
and 9, illustrating a square electrode unit;

FIG. 11 is a longitudinal sectional view of FIGS. 8
and 9, illustrating a circular electrode unit;

FIG. 12 is a control block diagram of the cooking
apparatus having the pollution sensor according to
the embodiment of the present invention;

FIG. 13 is a flow chart illustrating a cleaning control
method of the cooking apparatus having the pollution
sensor according to the embodiment of the present
invention; and

FIG. 14 is a flow chart illustrating a thermal decom-
position cleaning control method of the cooking ap-
paratus having the sensor according to the embod-
iment of the present invention.

DETAILED DESCRIPTION

[0025] Reference will now be made in detail to the em-
bodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein
like reference numerals refer to like elements throughout.
[0026] FIG. 1 is a conceptual view illustrating basic
characteristics of a pollution sensor according to an em-
bodiment of the present invention.

[0027] In FIG. 1, the sensor 40 according to the em-
bodiment of the present invention includes two elec-
trodes 41a and 41b. To detect a capacitance C present
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between the two electrodes 41a and 41b, characteristics
of a material may be represented as numerical values
as shown in the following Equation 1. In an embodiment,
sensor 40 may be a pollution sensor.

[0028] The following Equation 1 represents a capaci-
tance C, which is determined based on characteristics
of a material, i.e. dielectric characteristics of a material
present between the two electrodes 41a and 41b.

Equation 1
C=%a£
d

where, "C" is a capacitance sensed by the sensor 40,
"e o" is a spatial dielectric constant, "¢ . is a relative die-
lectric constant, "A" is a cross sectional area of the elec-
trodes 41a and 41 b, and "d" is a distance between the
electrodes 41a and 41b. A power 1 applied between the
two electrodes 41a and 41b may have a frequency prop-
erty, or may generate a predetermined strength of electric
field based on an applied voltage.

[0029] Although the sensor 40 according to the em-
bodiment of the present invention includes the two elec-
trodes 41a and 41b arranged with a predetermined in-
terval therebetween, alternatively, the sensor 40 may in-
clude a single electrode under the assumption of using
an inner metal part of a cooking apparatus as a ground.
In the latter case, since the single electrode and ground
conceptually correspond to two electrodes, the single
electrode and ground may exhibit the same basic sensing
characteristics as the two electrodes 41a and 41b that
are arranged with a predetermined interval therebetween
to sense a pollution level via a variation of capacitance
C therebetween.

[0030] In this way, a pollution level (such as an interior
pollution level) of a cooking apparatus is sensed via quan-
titative analysis of pollutants, i.e. a material adhered be-
tween the two electrodes 41a and 41b using the variation
of capacitance C in a state wherein the two electrodes
41a and 41b are exposed to the outside.

[0031] Now, an example of detecting the variation of
capacitance C according to a relative dielectric constant
will be described. First, considering a relative dielectric
constant € . under the condition of a fixed frequency, the
relative dielectric constant €, of vacuum is 1, and the
relative dielectric constant € , of water is approximately
78 although the relative dielectric constant is varied ac-
cording to the frequency. Also, the relative dielectric con-
stante . of dry scraps of food having no moisture is usually
in a range of 5 to 50 and the relative dielectric constant
e . of watery or oily material is in a higher range of 8 to
65, although the relative dielectric constant is varied ac-
cording to the kinds of food pollutants or food carbides.
Assuming that the two electrodes 41a and 41b have a
fixed shape, a variation of the dielectric constant is pro-

10

15

20

25

30

35

40

45

50

55

portional to the variation of capacitance C in a direct cor-
relation. Since the capacitance C is a variable of frequen-
cy, the frequency decreases as the capacitance C in-
creases, and increase as the capacitance C decreases.
[0032] Basically, a circuit signal to sense a pollution
level is obtained by sensing a frequency, and a circuit
may be constructed as shown in FIG. 2.

[0033] FIG. 2isacircuit of the pollution sensor accord-
ing to an embodiment of the present invention.

[0034] In FIG. 2, the sensor 40 is a capacitance type
sensor to transmit a signal by detecting a capacitance C
that is varied according to the level of pollutants (i.e. var-
ious food scraps separated or scattered from food during
a cooking operation) present in a cooking apparatus.
With the use of the sensor 40, the level of pollutants
present on an inner surface or in an inner space of the
cooking apparatus (i.e. the pollution level) may be sensed
via a circuit.

[0035] The sensor 40 includes an electrode unit 41 to
detect a capacitance C that is varied according to the
level of pollutants (i.e. the pollution level), a high-frequen-
cy oscillator 42 to select a wide bandwidth of frequency
from several Hz to hundreds of Hz and transmit the se-
lected frequency to the electrode unit 41, an amplifier 43
to amplify a fine frequency signal received from the elec-
trode unit 41 after a reaction between the electrode unit
41 and the pollutants, a smoother 44 to smooth the am-
plified frequency signal into a DC signal, and a sensor
unit 45 to generate a signal by sensing the level of pol-
lutants adhered to the electrode unit 41 upon receiving
the amplified frequency signal. In this case, the smoother
44 may be omitted according to the kind of the sensor
unit 45. Specifically, although the smoother 44 is used
when the level of pollutants adhered to the electrode unit
41 is sensed using a smoothed DC signal, the smoother
44 may be omitted when the level of pollutants adhered
to the electrode unit 41 is sensed by measuring a fre-
quency.

[0036] FIG. 2illustrates the single electrode unit41. In
this case, the level of pollutants present in a space be-
tween the electrode unit 41 and the corresponding
ground unit 46, or present on the surface of the electrode
unit 41 (a wide range of pollutants from gas-phase pol-
lutants including air to liquid-phase pollutants) is detected
via the variation of capacitance C. The ground unit 46
corresponding to the electrode unit 41 may be a metal
part of an inner wall surface of the cooking apparatus.
[0037] FIG. 3 is a front view of a cooking apparatus
having the pollution sensor according to an embodiment
of the present invention.

[0038] In FIG. 3, the cooking apparatus according to
the embodiment of the present invention includes a cab-
inet-shaped body 10 defining an external appearance of
the cooking apparatus, a cooking compartment 20 de-
fined in the body 10 to heat and cook food in closed state
thereof, and an operating panel 30 to control operation
of the cooking apparatus.

[0039] A door 21 is provided at a front side of the cook-
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ing compartment 20, to open or close the open front side
of the cooking compartment 20. A temperature sensor
22 maybe attached to an upper end of a rear surface of
the cooking compartment 20 and serves to sense an in-
terior temperature of the cooking compartment 20. How-
ever, it is not limited thereto. A plurality of guide rails 24
is detachably attached to side surfaces 25 of the cooking
compartment 20, so that a tray 23, on which food is
placed, is separably fitted to the guide rails 24. The sen-
sor 40 to sense an pollution level of the cooking compart-
ment 20 is installed to the side surface 25 of the cooking
compartment 20 at a position near the guide rails 24 at-
tached to the side surface 25. However, the sensor may
be installed anywhere in the compartment 20.

[0040] A blower chamber 50 for air circulation in the
cooking compartment 20 is defined in the rear surface of
the cooking compartment 20. A circulating fan (or a con-
vection fan) 52 is provided in the blower chamber 50.
The circulating fan 52 serves to circulate hot air within
the cooking compartment 20 as various heaters (not
shown) act to heat of the cooking compartment 20. With
the above-described configuration, the air of the cooking
compartment 20 is suctioned into the blower chamber 50
and then, is blown in a circumferential direction of the
circulating fan 52 via rotation of the circulating fan 52.
Accordingly, the air is suctioned from the cooking com-
partment 20 into the blower chamber 50 and then, is
again returned into the cooking compartment 20. Food
is heated and cooked by the circulation of hot air within
the cooking compartment 20.

[0041] The operating panel 30 includes an input unit
32, a display unit 34, and a sound unit 36. The input unit
32is used to input cooking information, such as a cooking
time, cooking menu, etc. The display unit 34 functions
not only to display the input cooking information and/or
an operating mode of the cooking apparatus, but also to
guide a cleaning beginning time and/or cleaning ending
time and/or a cleaning method (manual cleaning, steam
cleaning, thermal decomposition, etc.) based on an inte-
rior pollution level of the cooking compartment 20. The
sound unit 36 functions to inform of the cleaning begin-
ning time and/or cleaning ending time based on the pol-
lution level.

[0042] FIG. 4 is a view illustrating a configuration of
coupling the pollution sensor according to the embodi-
ment of the present invention to the cooking apparatus.
FIG. 5 is a view illustrating an alternative coupling con-
figuration of FIG. 4.

[0043] In FIGS. 4 and 5, the sensor 40 includes the
electrode unit 41 to detect a capacitance C that is varied
according to the level of pollutants (i.e. the pollution level)
in the cooking compartment 20, the ground unit 46 cor-
responding to the electrode unit 41, and an aluminum or
ceramic based insulator 47 to isolate the electrode 41
and the ground unit 46, i.e. two electrodes from each
other. The electrode unit 41 has an induction electrode
and functions to detect the pollution level of the cooking
compartment 20 from a wall surface or an inner space
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of the cooking compartment 20, to transmit the variation
of capacitance C to a controller that will be described
hereinafter via a cable 48. In this case, the ground unit
46 corresponding to the electrode unit 41 induces a me-
tallic inner wall surface 25 of the cooking compartment
20 to a grounded state.

[0044] AsshowninFIGS.4and5,the sensor40, which
uses the ground unit 46 as an electrode, indicates, as an
absolute value, the pollution level based on the variation
of capacitance C between the electrode unit 41 and the
ground unit 46, i.e. between two electrodes.

[0045] FIG. 4 illustrates a configuration in which the
single electrode unit 41 is attached to the wall surface 25
of the cooking compartment 20 so as to be exposed to
the outside, and FIG. 5illustrates a configuration in which
the single electrode unit 41 is embedded in the wall sur-
face 25 of the cooking compartment 20 so as not to be
exposed. Of course, the electrode unit 41 of the sensor
40 according to the embodiment of the present invention
may be installed in any other configurations.

[0046] FIG. 6 is a longitudinal sectional view of FIGS.
4 and 5, illustrating the square-shaped single electrode
unit 41 installed to the wall surface 25 of the cooking
compartment 20.

[0047] FIG. 7 is a longitudinal sectional view of FIGS.
4 and 5, illustrating the circular-shaped single electrode
unit 41 installed to the wall surface 25 of the cooking
compartment 20.

[0048] FIG. 8 is a view illustrating a configuration of
coupling the pollution sensor according to another em-
bodiment of the present invention to the cooking appa-
ratus. FIG. 9 is a view illustrating an alternative coupling
configuration of FIG. 8.

[0049] In FIGS. 8 and 9, the sensor 40 includes two
electrode units 41 to detect a capacitance C thatis varied
according to an interior pollution level of the cooking com-
partment 20, ground units 46 corresponding to the two
electrode units 41, and aluminum or ceramic based in-
sulators 47 to isolate the two electrodes 41 from each
other. The two electrode units 41 have induction elec-
trodes and function to detect the interior pollution level
of the cooking compartment 20 from the wall surface or
inner space of the cooking compartment 20 and transmit
a variation of capacitance C to the controller that will be
described hereinafter via the cable 48.

[0050] AsshowninFIGS.8and?9,the sensor40, which
uses the two electrode units 41, indicates, as a relative
value, the pollution level based on the variation of capac-
itance C between the two electrode units 41.

[0051] FIG. 8 illustrates a configuration in which the
two electrode units 41 are attached to the wall surface
25 of the cooking compartment 20 so as to be exposed
to the outside, and FIG. 9 illustrates a configuration in
which the two electrode units 41 are embedded in the
wall surface 25 of the cooking compartment 20 so as not
to be exposed. Of course, the electrode units 41 of the
sensor 40 according to the embodiment of the present
invention may be installed in any other configurations.
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[0052] FIG. 10is alongitudinal sectional view of FIGS.
8 and 9, illustrating the square-shaped two electrode
units 41 installed to the wall surface 25 of the cooking
compartment 20.

[0053] FIG. 11is alongitudinal sectional view of FIGS.
8 and 9, illustrating the circular-shaped two electrode
units 41 installed to the wall surface 25 of the cooking
compartment 20.

[0054] FIG. 12isacontrol block diagram of the cooking
apparatus having the sensor according to the embodi-
ment of the present invention. In FIG. 12, the input unit
32, display unit 34, sound unit 36, sensor 40, controller
60, and drive unit 62 are illustrated.

[0055] The input unit 32 is used to input a user com-
mand to begin an operation based on cooking information
(e.g., cooking time, cooking menu, etc.) and various
cleaning methods (e.g., manual cleaning, steam clean-
ing, and thermal decomposition cleaning) to the controller
60. For this, the input unit 32 may include a plurality of
buttons including start buttons of various cleaning meth-
ods (the manual cleaning, steam cleaning, and thermal
decomposition cleaning).

[0056] The input unit 32 further includes automatic/
manual setting buttons to enable automatic setting of a
cleaning time within a predetermined cleaning time or to
allow the user to manually set the cleaning time.

[0057] The display unit 34 visually displays the pollu-
tion level of the cooking compartment 20 sensed by the
pollution sensor, and guides a cleaning time and cleaning
method based on the pollution level. In particular, with
relation to a thermal decomposition cleaning operation,
the display unit 34 displays a message to command re-
moval of any accessory, such as, e.g., the guide rails 24,
placed in the cooking compartment 20, or a message to
inform of a cleaning ending time as the pollution level of
the cooking compartment 20 is lowered.

[0058] The sound unit 36 aurally informs of the pollu-
tion level of the cooking compartment 20 sensed by the
pollution sensor and also, informs of the cleaning time
and cleaning method based on the pollution level, In par-
ticular, with relation to the thermal decomposition clean-
ing operation, the sound unit 36 outputs a sound to inform
of the cleaning ending time as the pollution level of the
cooking compartment 20 is lowered.

[0059] The sensor40 senses the interior pollution level
of the cooking compartment 20 via quantitative analysis
of pollutants, and transmits the sensed pollution level to
the controller 60. Even if a fine variation of capacitance
C, such as noise, occurs during operation of the sensor
40, the sensor 40 may filter the noise via a stabilizing
circuit thereof. The sensor 40 is set to periodically sense
the interior pollution level of the cooking compartment
20. The sensor 40 may be set to automatically sense the
pollution level even after completion of a cooking oper-
ation and also, may be set to automatically sense the
pollution level when the power of the cooking apparatus
is turned on or the button of the input unit 32 is operated.
[0060] The controller 60 is a microcomputer to control
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operation of the cooking apparatus according to the user
command received from the input unit 32. As the sensor
40 senses the interior pollution level of the cooking com-
partment 20 or automatically senses the pollution level
(e.g., when the power of the cooking apparatus is turned
on or the button is operated after completion of a cooking
operation), the controller 60 determines a cleaning be-
ginning time (i.e., a capacitance of a predetermined value
or more) and/or a cleaning method (e.g., manual clean-
ing, steam cleaning, and thermal decomposition clean-
ing) based on the pollution level, thereby controlling a
cleaning operation of the cooking compartment 20.
[0061] The drive unit 62 performs a cooking operation,
steam cleaning operation, or thermal decomposition
cleaning operation based on drive control signals of the
controller 60.

[0062] Hereinafter, the pollution sensor having the
above-described configuration, the cooking apparatus
having the pollution sensor, and sequential processes
and operational effects of a control method of the cooking
apparatus will be described.

[0063] FIG. 13 is a flow chart illustrating a cleaning
control method of the cooking apparatus having the pol-
lution sensor according to the embodiment of the present
invention.

[0064] In FIG. 13, the user selects, by use of the au-
tomatic/manual setting button provided at the input unit
32, whether a cleaning time will be automatically deter-
mined, or will be manually set by the user.

[0065] Accordingly, the controller 60 receives an au-
tomatic/manual setting command with respect to the
cleaning time from the input unit 32, determining whether
the cleaning time is automatically set (100).

[0066] I[fitis determined from the result of the operation
100 that the cleaning time is automatically set, the con-
troller 60 determines whether the power of the cooking
apparatus is turned on (i.e. power is supplied) (102). If
the poweris turned on, the sensor 40 senses the pollution
level of the cooking compartment 20 and the controller
determines the sensed pollution level using sensed the
pollution level of the cooking compartment 20 (104).
[0067] To sense the pollution level of the cooking com-
partment 20, the sensor 40 detects a capacitance C be-
tween the electrode unit 41 and the ground unit 46, i.e.
between two electrodes. This sensing method is referred
to as a capacitance method in which a signal is transmit-
ted via a reaction between an electrode having a fixed
capacitance C and pollutants attached to the electrode.
[0068] Generally, the capacitance method is based on
the fact that a material (more particularly, pollutants) may
have a higher dielectric constant than a dielectric con-
stant of vacuum (or air). For example, the dielectric con-
stant of vacuum is 1, the dielectric constant of pollutants
as dry scraps of food is in a range of 5 to 50, and the
dielectric constant of oily or watery pollutants is in arange
of 8 to 65. Here, the dielectric constant represents a na-
ture related to dielectric polarization of a material. That
is, the dielectric constant is one of electric constants of
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a dielectric material and the dielectric material has a na-
ture of conserving electric energy. When the sensor 40
adopts the capacitance method, the sensor 40 may
sense contact of pollutants having a high dielectric con-
stant and thus, may acquire stable signals.

[0069] With the above-described characteristics of the
sensor 40, the capacitance C decreases when the pol-
lution level of the cooking compartment 20 is low, and
increases when the pollution level is high. Thereby, the
capacitance C based on the pollution level is detected,
and a frequency signal corresponding to the detected
capacitance C is transmitted to the controller 60 via the
cable 48.

[0070] The controller 60 controls the display unit 34
provided at the operating panel 30 to display the pollution
level sensed by the sensor 40 (106), and then, controls
the display unit 34 and/or sound unit 36 to guide an ap-
propriate cleaning time and cleaning methods (manual
cleaning using water or detergents, steam cleaning, or
thermal decomposition cleaning) based on the sensed
pollution level (108). For this, the controller 60 creates
and/or stores a table in which appropriate cleaning times
and cleaning methods based on different pollution levels
are stored.

[0071] More specifically, the controller 60 basically de-
termines an initial relative dielectric constant and a rela-
tive dielectric constant based on the pollution level using
a predetermined table. In this case, a temperature has
less effect on the variation of relative dielectric constant
and therefore, is not considered. It was found from actual
test results that a variation of capacitance C due to a
temperature variation during operation of the cooking ap-
paratus is very slight and is indistinctive. However, in the
case where arelative dielectric constant range according
to a temperature variation may be important, the control-
ler 60 may be linked with the temperature sensor 22 in-
stalled in the cooking apparatus or attached to the sensor
40, to create and store a table in which temperature com-
pensation values are recorded. Alternatively, a temper-
ature compensation circuit may be provided to enable a
temperature compensation operation of the electrode
unit 41 of the sensor 40.

[0072] The controller 60 allows an automatic cleaning
method and a manual cleaning method to be selectively
set based on the pollution level. With the use of values
recorded in the table, the controller 60 guides a message
to recommend manual cleaning using water or deter-
gents when the pollution level is low and also, guides a
message to recommend thermal decomposition cleaning
when the pollution level is high. This allows the user to
restrain unnecessary excessive cleaning and to perform
a specialized optimum cleaning operation at an appro-
priate cleaning beginning time.

[0073] On the contrary, if it is determined from the re-
sult of the operation 100 that the cleaning time is not
automatically set, the controller 60 determines whether
or not the cleaning time is manually set by the user (110).
If the cleaning time is manually set, the controller 60
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progresses the operation 104 to sense the interior pollu-
tion level of the cooking compartment 20 and performs
the following operation.

[0074] Also, if it is determined from the result of the
operation 102 that the power is not turned on, the con-
troller 60 determines whether or not the button of the
input unit 32 is operated (switched) (112). If the button
is operated, the controller 60 progresses the operation
104 to sense the pollution level of the cooking compart-
ment 20 and performs the following operation.

[0075] I[fitis determined from the result of the operation
112 that the button is not operated, the controller 60 de-
termines whether or not a cooking operation is completed
(114). Ifthe cooking operation is completed, the controller
60 progresses the operation 104 to sense the pollution
level of the cooking compartment 20 and performs the
following operation.

[0076] As described above, since the sensor 40 ac-
cording to the embodiment of the present invention sens-
es a capacitance C based on the pollution level of the
cooking compartment 20 or the quantity of pollutants, a
cleaning time may be calculated and also, a cleaning
beginning time and/or cleaning method based on the pol-
lution level may be accurately guided.

[0077] FIG. 14 is a flow chart illustrating a thermal de-
composition control method of the cooking apparatus
having the sensor according to the embodiment of the
present invention.

[0078] InFIG. 14, if the user pushes a thermal decom-
position cleaning start button provided at the input unit
32, a user command for a thermal decomposition clean-
ing operation is input into the controller 60.

[0079] The controller 60 determines whether the ther-
mal decomposition cleaning start button is pushed (200).
If the thermal decomposition cleaning start button is
pushed, the controller 60 determines the presence of any
accessory in the cooking compartment 20 using the sen-
sor 40 (202).

[0080] The capacitance type sensor 40 according to
the embodiment of the present invention functions to eas-
ily sense all of gas, liquid, and/or solid and thus, may
easily detect metal components.

[0081] When the sensor 40 senses the presence of
any accessory, the controller 60 guides a message or
sound to command removal of the accessory in the cook-
ing compartment 20 via the display unit 34 and/or sound
unit 36 provided at the operating panel 30. To implement
the thermal decomposition cleaning operation, it may be
essential to remove any accessory, such as, e.g. guide
rails 24 present in the cooking compartment 20. Accord-
ingly, if the user does not remove the accessory, the sen-
sor 40 senses the accessory in the cooking compartment
20 and the controller 60 informs the user of the accessory
in the cooking compartment 20. The accessory, such as,
e.g., the guide rails 24, are typically plated with chrome
and therefore, performing the thermal decomposition
cleaning operation without removal of the accessory may
cause oxidation and discoloration of an accessory sur-
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face when the accessory is exposed at a high tempera-
ture of 500°C or more for a long time. For this reason, it
may be important to remove the accessory prior to per-
forming the thermal decomposition cleaning operation.
[0082] Thereafter, the controller 60 determines via the
sensor 40 whether or not the accessory is in the cooking
compartment 20 is removed (206). If the accessory is not
removed, the controller 60 feeds back to the operation
204 and guides a message and/or sound until the acces-
sory is removed.

[0083] Ifitis determined from the result of the operation
206 that the accessory is removed, the controller 60 con-
trols the drive unit 62 to perform the thermal decompo-
sition cleaning operation (208).

[0084] During the thermal decomposition cleaning op-
eration, heat is generated in the cooking compartment
20 to heat the interior of the cooking compartment 20 to
a high temperature (up to about 500°C), so as to burn
pollutants, i.e., scraps of food presentin the cooking com-
partment 20. As the pollutants are removed, the pollution
level of the cooking compartment 20 is gradually lowered.
[0085] The sensor 40 senses a variation of the capac-
itance in real time as the pollutants are removed during
the thermal decomposition cleaning operation, and trans-
mits the sensed result to the controller 60 (210). The con-
troller 60 variably controls a cleaning time based on the
lowered pollution level and displays the varied cleaning
time (or remaining cleaning time) via the display unit 34,
thereby enabling automatic control a cleaning ending
time (212).

[0086] Thereafter, the controller 60 determines based
on the decrease of the pollution level sensed via the sen-
sor 40 whether or not the pollution level of the cooking
compartment 20 is less than a predetermined pollution
level (214). If the sensed pollution level is not less than
the predetermined pollution level, the controller 60 feeds
back to the operation 208 to continue the thermal decom-
position cleaning operation.

[0087] Ifitis determined from the result of the operation
214 that the pollution level is less than the predetermined
pollution level, the controller 60 determines that the
cleaning operation reaches a cleaning ending time and
stops the thermal decomposition cleaning operation via
the drive unit 62 (216). The display unit 34 and/or sound
unit 36 guide the completion of the interior cleaning of
the cooking compartment 20 (218).

[0088] In this way, in the embodiment of the present
invention, it may be possible to display a residual time
until the cleaning operation is completed and to variably
control the cleaning time because the sensor 40 senses
the decrease of the interior pollution level of the cooking
compartment 20 during the thermal decomposition
cleaning operation in real time.

[0089] Although the embodiment of the present inven-
tion exemplifies sensing of the level of pollutants via a
variation of capacitance C using the electrode unit 41 of
the sensor 40, of course, the embodiment of the present
invention is not limited thereto and the same aspects and
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effects as the embodiment of the present invention may
be accomplished even when the pollution level is sensed
using inductance of an electric field or induction magnetic
field.

[0090] As is apparent from the above description, ac-
cording to the embodiment of the present invention, an
pollution level of a cooking compartment may be objec-
tively determined using a sensor that senses the pollution
level via a variation of capacitance. Also, it may be pos-
sible to guide a cleaning time and/or cleaning methods
(e.g., manual cleaning, steam cleaning, thermal decom-
position cleaning, etc.) based on the pollution level of the
cooking compartment, allowing the cooking compart-
ment to be cleaned in the cleaning method at an appro-
priate cleaning time. In particular, during a thermal de-
composition cleaning operation, the pollution level is
sensed in real time to enable variable control the cleaning
time and/or automatic control of a cleaning ending time.
This may contribute to reduce energy consumption and
discharge of CO,.

[0091] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the invention, the scope of which
is defined in the claims and their equivalents.

Claims
1. A sensor comprising:

an electrode unit installed to a cooking appara-
tus that is used to cook food, and a sensor unit
connected to the electrode unit to sense a
sensed signal based on a variation of level,
wherein the electrode unit includes at least one
electrode to sense a pollution level of the cook-
ing apparatus.

2. The sensor according to claim 1, wherein the elec-
trode detects a variation of capacitance as it comes
into contact with pollutants generated during cooking
of the food, to sense the level of pollutants.

3. The sensor according to claim 2, further comprising
a ground unit corresponding to the electrode, the
ground unit being grounded to an inner metal part of
the cooking apparatus to output a sensor output val-
ue of frequency based on the variation of capaci-
tance.

4. The sensor according to claim 3, wherein an insula-
tor is provided between the electrode unit and the
ground unit, to isolate two electrodes from each oth-
er.

5. A cooking apparatus comprising:
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a cooking compartment in which food is cooked;
a sensor installed in the cooking compartment
to sense a capacitance of the cooking compart-
ment; and

a controller to determine pollution level based
on the sensed capacitance and to control a
cleaning operation of the cooking compartment
based on the determined pollution level.

The cooking apparatus according to claim 5, wherein
the pollution sensor includes a ground correspond-
ing to the electrode, the ground being grounded to
awall surface metal part of the cooking compartment
so as to output a sensor output value of frequency
based on the variation of capacitance.

The cooking apparatus according to claim 5, wherein
the controller determines the pollution level of the
cooking compartment based on the output value of
the sensor, to control a cleaning time and cleaning
method.

The cooking apparatus according to claim 7, wherein
the controller creates and stores a table in which
cleaning times and/or cleaning methods based on
pollution levels of the cooking compartment are re-
corded.

The cooking apparatus according to claim 8, wherein
the cleaning methods include an automatic cleaning
method and/or a manual cleaning method based on
the pollution level of the cooking compartment.

The cooking apparatus according to claim 9, wherein
the automatic cleaning method includes a steam
cleaning operation and/or a thermal decomposition
cleaning operation.

The cooking apparatus according to claim 10, where-
in the controller senses a decrease in the pollution
level of the cooking compartment in real time during
the thermal decomposition cleaning operation, to
control a cleaning ending time.

The cooking apparatus according to claim 10, where-
in:

the controller determines whether an accessory
is in the cooking compartment based upon the
sensed capacitance; and

the controller guides a removal message of the
accessory ifthe accessory is in the cooking com-
partment.

The cooking apparatus according to claim 5, further
comprising an input unit to automatically set the
cleaning time,

wherein the controller performs a control operation
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14.

15.

to determine whether a power of the cooking appa-
ratus is turned on, or to determine the pollution level
of the cooking compartment at a cooking ending time
if the cleaning time is automatically set.

The cooking apparatus according to claim 5, further
comprising an input unit to allow a user to manually
set the cleaning time,

wherein the controller performs a control operation
to determine the pollution level of the cooking com-
partment at a cleaning ending time set by the user
if the cleaning time is manually set.

A control method of a cooking apparatus having a
cooking compartment and a sensor, comprising:

sensing a capacitance of the cooking compart-
ment using the sensor;

determining pollution level of the cooking com-
partment based on the sensed capacitance;
determining a cleaning time of the cooking com-
partment based on the sensed pollution level;
and

inputting a cleaning command of the cooking
compartment based on the determined cleaning
time.
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